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The  antigenic  toxin  of  Bacillus  anthracis  has 
been  shown  to  be  composed  of  three  components 
identified  n.s  Factors  I,  II  and  III  by  English 
workers  (1)  and  respectively  as  edema  factor 
(EF),  protective  antigen  (PA)  and  lethal  factor 
(LF)  by  American  workers  (2).  The  development 
of  “protective  antigen”  as  an  immunogen  to  B. 
anthracis  was  recently  summarized  by  Lincoln 
et  al.  (3).  They  noted  that  certain  of  the  anthrax 
toxin  components  were  not  used  as  immunogens 
in  spite  of  the  fact  that  certain  strains  of  anthrax 
were  found  “refractive”  to  immunity  by  the 
"protective  antigen”  (4,  5).  Recently,  Stanley 
and  Smith  (1)  reported  on  the  degree  of  im- 
munogenicity  in  guinea  pigs  of  the  three  com¬ 
ponents  and  certain  of  their  combinations.  They 
concluded  that  Factor  II  immunized  by  itself. 
Factor  I  provided  an  additive  effect  but  the 
immunogenicity  of  Factor  I  plus  II  was  decreased 
by  the  addition  of  Factor  I'll. 

The  pathophysiologic  effects  of  the  toxin 
components  arc  somewhat  better  understood; 
their  study  shows  that  resistance  to  establish¬ 
ment  of  disease  and  susceptibility  to  its  course  are 
individual  functions  (6, 7).  Immunity  to  anthrax, 
therefore,  must  be  considered  with  respect  to 
both  factors,  i.e.,  establishment  as  well  as  course 
of  the  disease.  Of  interest,  too,  is  the  develop¬ 
ment  of  basic  information  that  may  be  used  to 
develop  an  improved  antiserum  for  use  in  treat¬ 
ment  of  anthrax. 

In  the  work  reported  here,  we  have  considered 
the  possibility  that,  immunity  may  differ  in 
different  hosts  and  have  attempted  to  evaluate 

*  In  conducting  the  research  reported  herein  the 
investigators  have  adhered  to  “Principles  of 
Laboratory  Animal  Caro”  established  by  the 
National  Society  of  Medical  Research. 

•Present  address:  2634  San  Antonio  Drive, 
Walnut  Creek,  California  94598. 


in  the  resistant  rat  and  the  susceptible  guinea 
pig  the  independent  functions  of  resistance  to 
establishment  of  disease  (immunity  in  the  classi¬ 
cal  sense)  and  of  change  of  resistance  in  the  course 
of  the  disease  after  its  establishment.  This 
evaluation  used  animals  immunized  to  all  the 
factorial  combinations  of  the  three  components 
of  toxin  with  the  antigen  at  three  dose  levels. 
Hats  were  challenged  with  sterile  toxin  and  both 
the  rat  and  guinea  pig  were  challenged  with 
virulent  spores.  Five  criteria  used  to  evaluate  the 
efficacy  of  the  immunogens  were;  (/)  the  serum 
antibody  level  as  determined  by  the  Ouchterlony 
technique,  (2)  the  units  of  in  vitro  toxin  neu¬ 
tralized  by  antibodies  in  the  prcchallongc  serum, 
(3)  the  immunity  index  that  quantitates  the 
increase  in  dose  of  spores  required  to  cause  an 
immunized  host  to  respond  in  the  same  length 
if  time  os  the  nonimnninized  host,  (4)  the  level 
of  toxin  in  the  blood  at  the  time  of  death  of  the 
host  challenged  with  spores  and  (5)  the  number 
of  bacilli  in  the  terminal  blood  of  the  host  chal¬ 
lenged  with  spores. 

MATERIALS  AND  METHODS 

Animals.  Male  Fischer  344  rats,  weighing 
200  to  300  g,  and  Hartley  guinea  pigs  from  the 
Fort  Detrick  Animal  Farm,  weighing  300  to 
400  g,  were  used. 

Challenge.  A  1  X  10’  spore  culture  of  the  viru¬ 
lent  Voltum  Vlb  strain  of  B.  anthracis  was  used 
to  challenge  the  guinea  pig,  and  spores  (1  X  10*) 
plus  egg-yolk  medium,  (Kaga,  8)  were  used  to 
challenge  rats.  Whole  anthrax  toxin  containing 
30  units/ml,  (Haines,  Klein  and  Lincoln,  9)  was 
used  for  the  toxin  challenge. 

Preparation  of  toxin  and  fractionation  into 
components.  The  method  used  for  preparing 
anthrax  toxin  is  described  by  Haines  et  al.  (9). 
Horse  serum  was  not  added  after  centrifugation, 
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rather  the  LF,  EF  and  PA  components  were 
separated  by  the.  method  of  lkall,  Taylor  mid 
Thorne  (2).  The  dilates  containing  EF  were 
combined  and  passed  through  a  dictliylamino- 
ethyl  (DEAE)  cellulose  column  to  remove  traces 
of  LF.  The  components  were  dialyzed  against 
distilled  water  at  pH  7.5,  drier!  und  a  vacuum 
of  10-30  p  of  mercury  for  21  hr  in  1  nl  quanti¬ 
ties  on  an  Aminco  lyophilizer  (American  Instru¬ 
ment  Co.,  Silver  Spring)  and  stored  at.  -25CC. 

Assay  actimly  of  components.  The  agar  diffusion 
method  employed  by  Thorne  and  Belton  (10) 
was  used  to  quant  itate  the  antigenic  activity  of 
each  component.  Using  u  1:8  dilution  in  gelatin 
phosphate  of  the  Fort  Detrick  horse  antiserum 
(DH-1-10A),  the  minimum  amount  of  LF  de¬ 
tectable  was  220  fig  dry  wt,  equivalent  to  25  fig 
protein.  With  this  same  antiserum  the  minimum 
amount  of  PA  detectable  was  137  fig  dry  wt, 
equivalent  to  17  fig  protein,  EF  could  not  be 
detected  by  this  method.  Protein  was  deter¬ 
mined  by  the  method  of  Waddel  (11).  When 
five  times  the  minimul  detectable  amounts  of  PA 
and  LF  were  placed  in  adjacent  wells,  single 
intersecting  lines  formed.  The  sensitivity  of  this 
technique,  however,  does  not  preclude  the  pres¬ 
ence  of  other  antigens  in  these  preparations. 

The  biologic  activity  of  EF  was  titrated  by 
the  method  of  Smith  el  al.  (12).  EF  (combined 
with  PA)  was  the  only  com]>onent  that  gave  a 
positive  reaction  in  guinea  pigs.  The  minimum 
amount  of  EF  detectable  by  this  method  was 
57  fig  dry  wt,  equivalent,  to  18  fig  protein. 

Tire  biologic  activity  of  LF  was  determined 
by  intravenous  (i.v.)  injection  in  Fischer  344 
rats  of  2.0  ml  of  a  mixture  consisting  of  one  vol¬ 
ume  of  LF  component  plus  four  volumes  of  PA. 
This  ratio  constituted  33  0  lethal  units/2  ml  of 
toxin  and  killed  rats  in  104  min. 

Tests  for  immunogenicity.  All  animals  were 
injected  mtra|>eritoneaHy  (i.p.)  with  0.1-ml 
amounts  of  coni|>oncnts  using  the  protocol 
described  by  DeArmon  cl  al.  (13)  and  Klein 
el  al.  (14).  Three  levels  of  each  component  were 
administered  to  each  of  32  rats  and  16  guinea 
pigs.  AH  animals  and  all  component  combina¬ 
tions  were  randomized. 

The  level  of  immunity  attained  was  described 
in  terms  of  the  immunity  index  (13).  This  index 
represents  the  logarithmic  difference  in  challenge 
dose  required  to  cause  the  same  time  of  response 
(death)  in  both  immunized  and  control  animals. 


Experimental  procedures.  Two  replications 
were  performed  for  each  type  of  challenge  and 
for  each  host.  The  toxin-challenged  rats  pro¬ 
vided  three  measures  of  response,  (/)  serum 
neutralizing  potential,  (2)  serum  antibody  titer 
and  (8)  time  to  death.  The  spore-challenged 
animals,  both  rats  and  guinea  pigs,  provided,  in 
addition  to  the  above  measurements,  two  more 
measurements,  (/)  concentration  of  hacilli/milli- 
liter  of  blood  at  death  and  (2)  units  of  toxin/ 
milliliter  of  terminal  blood. 

One  week  following  completion  of  the  immuni¬ 
zation  protocol,  8  of  each  set.  of  32  rats  and  12 
of  each  set  of  10  guinea  pigs  were  bled  by  cardiac 
puncture.  Approximately  1.2  ml  of  blood  was 
withdrawn,  centrifuged,  and  the  serum  decanted. 
One  tenth  of  one  milliliter  of  this  prechallenge 
serum  from  eaeli  of  the  blood  samples  was  com¬ 
bined  with  30  units  of  crude  anthrax  in  vitro 
toxin  as  defined  by  Haines  el  al.  (9).  Eaeli  of  the 
combinations  (toxin  plus  scrum)  was  injected 
into  one  assay  rat.  and  the  time  to  death  was  re¬ 
corded.  Prechallenge  serum  also  was  tested  on 
Ouchtorlony  diffusion  plates  for  antibody  levels, 
using  parallel  holes  of  alignment. 

RESULTS 

In  the  discussion  of  the  data  in  this  section  nil 
statistically  significant  treatments  or  interactions 
are  mentioned. 

Resistance  of  immunized  rats  to  toxin  and  to 
spore  challenge.  Regardless  of  whether  rats  were 
immunized  with  any  of  the  three  components 
alone  or  in  combination,  only  the  LF  component 
protected  against  challenge  with  toxin.  Response 
ratios  and  harmonic  mean  response  times  of  the 
rats  that,  died  are  shown  in  Table  1.  The  LF 
100  mb  treatment  resulted  in  a  high  percentage, 
of  survivors.  It  was,  therefore,  not  appropriate 
to  calculate  this  statistic.  However,  the  average 
time  to  death  of  those  responding  (dying)  was 
extended  46  min,  a  66%  increase  in  response 
time.  The  1000  mb  concentration  saved  127  of 
128  immunised  animals  from  death  following 
toxin  challenge  regardless  of  PA  or  EF  treat¬ 
ments.  The  component  PA  by  itself  appeared  to 
have  a  small  effect  in  prolonging  the  response 
time  of  rats  to  toxin  challenge  hut  apparently  is 
synergistic  with  LF,  since  34  of  43  rats  protected 
with  1000  mb  of  DA  plus  100  mb  of  LF  survived 
toxin  challenge.  The  component  EF  gave  es¬ 
sentially  no  protection.  Thus,  it  was  apparent 
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TABLE  I 


Response  ration  and  harmonic  mean  re.tpon.tc  limes  of  immunized  rats  challenged  with  whole  toxin 


Immunization  Treatments 

EF 

LF 

1*A* 

NX*  SB 

1000  OS 

Katio1' 

MTD* 

Ratio 

MTD 

Ratio 

MTD 

UK 

Ml 

min 

win 

win 

0 

0 

10/10 

70 

15/15 

73 

15/15 

85 

0 

100 

15/15 

78 

14/14 

73 

4/12 

—  C 

0 

1000 

0/15 

— 

0/14 

— 

0/15 

— * 

100 

0 

14/11 

74 

15/15 

09 

8/15 

— 

UK) 

100 

13/13 

73 

14/15 

82 

2/10 

— 

100 

1000 

0/12 

— 

1/15 

— 

C/15 

— 

1000 

0 

12/12 

73 

15/15 

72 

9/14 

— 

1000 

100 

11/13 

109 

15/15 

75 

3/15 

— 

1000 

1000 

0/13 

— 

0/14 

— 

0/15 

— 

"  EF  =  edema  factor;  LF  ~  lethal  factor;  PA  =  protective  antigen;  MTD  =  mean  tinio  to  death. 
6  Number  dcad/iuimber  challenged. 

c  No  mean  responso  times  were  calculated  when  50%  or  more  of  the  animals  survived. 


TABLE  II 

Harmonic  mean  response  times  and  immunity  indexes  of  immunized  rats  challenged  with  virulent  spores 


Immunization  Treatment! 


EF 

LF* 

PA* 

Oos 

100  MS 

two  MB 

MTD* 

I* 

MTD 

1 

MTD 

I 

nt 

hr 

kf 

hr 

0 

0 

10.4 

0 

14.9 

-0.8 

13.2 

-1.8 

0 

100 

14.8 

-0.8 

19.7 

1.3 

25.0 

2.7 

0 

1000 

19.5 

1.2 

21.1 

1.7 

10.0 

-0.2 

100 

0 

14.1 

-1.2 

14.  C 

-0.9 

10.0 

0.1 

100 

100 

17.0 

0,5 

20.8 

1.7 

23.3 

2.3 

100 

1000 

233 

2.3 

17.2 

0.4 

24.1 

2.5 

1000 

0 

13.2 

-1.9 

18.5 

0.9 

28.5 

3.3 

1000 

100 

17.0 

0.5 

16.5 

0.1 

25.7 

2.8 

1000 

1000 

33.5 

4.0 

27.1 

3.1 

23.1 

2.3 

*  EE  =  edema  factor;  LF  -  lethal  factor;  PA  =  protective  antigen;  MTD  -=  mean  time  to  death; 
I  =  immunity  index. 


that  the  LF  component  was  highly  immunogenic 
in  rats  against  challenge  with  anthrax  toxin. 

The  analysis  of  variance  for  rats  immunized 
similarly  to  those  above  but  challenged  by  spores 
(Table  II)  indicates  that  only  LF  had  a  highly 
significant  effect,  while  EF  interacted  with  LF 
significantly  (P  <  0.03)  to  increase  the  immunity 
index.  Of  00  surviving  animals,  46  were  im¬ 
munized  with  LF.  PA  interacted  antagonistically 
with  LF  (P  <  0.05). 

Itnmunogcnieily  for  guinea  pigs  of  the  three  toxin 


components  against  spore  chedknge.  The  immunity 
indexes  of  the  three  component  singly  or  in 
combination  were  calculated  from  the  res]K>nse 
time  and  arc  shown  in  Table  III.  It  is  significant 
to  note  that  again  the  LF  component  gave  strong 
protection  against  the  spore  challenge,  as  did 
l’A.  Analysis  indicates  that  the  response  to  both 
of  these  components  was  statistically  significant 
( P  <  0.01). 

The  marked  interaction  (P  <  0.01)  between 
the  LF  and  PA  components  is  summarize!  in 
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TAltbK  111 


Harmonic  mean  response  limes  and  immunity  indexes  of  immunized  guinea  pigs  challenged  with 

virulent  spores 


Immunlntlnn  Treatment* 

EE* 

Ltf* 

PA* 

0  m* 

100  «t 

1000  us 

MTD* 

1* 

MTD 

I 

MTD 

t 

ft 

ft 

hr 

hr 

hr 

0 

0 

20.3 

0 

25.4 

-0.3 

47.3 

2.3 

0 

100 

21.8 

-0.5 

29.0 

1.1 

39,0 

3.0 

0 

1000 

30.1 

2.5 

40.9 

3.2 

35.7 

2.4 

100 

0 

20.4 

0.0 

31.3 

1.6 

40.0 

3.1 

100 

100 

25.0 

-0.5 

27.7 

0.5 

40.2 

3.1 

too 

1000 

41.0 

3.4 

30.5 

3.0 

44.2 

3.7 

1000 

0 

22.5 

-1.5 

31.8 

1.0 

60.5 

4.3 

1000 

100 

25.6 

-0.3 

29.2 

0.0 

45.2 

3.8 

1000 

1000 

31.0 

1.5 

35.0 

2.3 

40.8 

4.0 

•  EF  =*  edema  factor;  I,F  =  lethal  factor;  l'A  <=  protective  antigen;  MTD  -  mean  time  to  death; 
I  »  immunity  index. 


Table  IV.  PA  and  LF  each  had  the  strongest 
effect  in  the  absence  of  the  other.  When  100  pg 
of  either  PA  or  LF  was  present,  100  fig  of  tho 
othor  adds  no  beuoficial  effect,  but  1000  fig  of  the 
other  does  extend  the  response  time.  The  13F 
component  neither  had  an  immunogenic  cffcot 
alone  nor  did  it  have  an  antagonistic  effect  on 
PA  or  LF.  Tho  data  show  that  this  interactive 
effect  was  opposite  to  that  observed  in  rats. 

Number  of  organisms  and  units  of  toxin /milli¬ 
liter  of  terminal  blood  of  guinea  pigs  and  rats  as 
affected  by  immunisation.  Terminal  blood  of  rats 
and  guinea  pigs  was  assayed  for  number  of 
viable  organisms  and  concentration  of  toxin. 
The  interaction  among  the  terminal  variables  in 
the  susceptible  guinea  pig  and  the  resistant  rat 
are  graphically  illustrated  in  Figure  1.  In  general, 
it  appears  that  immunization  extends  the  timo 
to  death,  as  evidenced  by  the  Immunity  Index,  I, 
of  both  the  susceptible  and  resistant  animals.  It 
also  was  apparent  that  as  resistance  attributable 
to  immunity  increases,  the  terminal  numlmr  of 
organisms  and  units  of  toxin/milliliter  of  blood 
decreases  in  the  guinea  pig,  but  little  or  no  in¬ 
fluence  on  these  parameters  could  be  detected  in 
the  rat. 

In  the  guinea  pig  l>oth  PA  and  LF  affected  the 
number  of  bacilli/milliliter  of  blood  at  death 
0 P  <  0.01).  These  same  treatments  as  well  as  tho 
1>A  X  LF  (P  <  0.05)  and  PA  X  EF  (P  <  0.05) 
and  EF  X  PA  X  LF  (P  <  0.01)  interactions 
affected  the  number  of  baeilli/milliliter  of  blood, 


TABLE  IV 

(Summary  of  interactions  shown  in  Tabic  111  between 
PA*  and  LF*‘  5 


Immunisation  Treatments 

PA 

Out 

100  US 

1000).* 

M 

0 

21.8 

29.2 

45.7 

100 

25.1 

28.9 

41.5 

1000 

36.1 

38.3 

41.8 

•  PA  =  protective  antigen;  LF  =  lothal  fnctor. 

*  EF  (edema  fnctor)  had  no  effect,  ao  does  not 
appear  in  this  tabulation. 


while  the  PA  X  EF  and  PA  X  LF  interaction 
were  significant  (P  <  0.05).  None  of  the  treat¬ 
ments  had  an  influence  on  the  toxin  concentra¬ 
tion  of  the  terminal  blood  of  rats. 

EF  (100  pg)  increased  the  terminal  concentra¬ 
tion  of  organisms  and  of  toxin  (11.4  X  10*  or¬ 
ganisms  and  10fi  units/ml),  but  the  number  of 
baeilli/milliliter  and  of  toxin  of  terminal  blood 
returned  nearly  to  control  level  (8.8  X  10* 
organisms  and  88  units/ml)  when  1000  pg  of 
EF  was  used.  Although  this  effect  was  not  sta¬ 
tistically  significant,  the  same  pattern  was  ob¬ 
served  in  both  hosts. 

Ixick  of  demonstrable  immunogenicity  as 
measured  by  the  Ouchkrlony  technique  and  scrum- 
neutralisation  tests,  Prcehallengc  sera  from  ani¬ 
mals  of  both  species  were  assayed  for  antibody 
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figure  t.  The  interaction  among  the  terminal  variables  in  the  immunised  guinea  pig  mid  rat.  Each 
data  point  represents  one  immunization  protocol  and  is  the  menu  of  9  to  10  animals  distributed  among 
two  populations. 


on  Ouchterlony  diffusion  plates.  The  sera  from 
rats  gave  uniformly  negative)  results.  Sera  of  47 
of  the  270  preehallenged  guinea  pigs  showed  a 
titer.  The  distribution  of  tho  jjositivc-rcaeting 
sera,  based  on  immunisation  protocol,  is  given 
in  Table  V.  PA  had  little  effect  in  producing 
precipitin  lines  that  were  demonstrable  on 
Ouchterlony  plates,  hut  LF  was  much  more 
consistently  successful  in  producing  identifiable 
lines  against  the  antiserum  used  in  these  studies. 
All  titers  were  low,  ranging  from  1:4  to  1:8. 

The  neutralization  tests  of  anthrax  toxin  by 
preehallenged  blood  scrum  for  the  rat  and  guinea 
pig  revealed  no  significant  toxin-neutralizing 
ability  of  any  of  the  components  or  their  combi¬ 


nations  on  the  prcchallenge  sera  from  either 
species.  This  finding,  however,  does  not  preclude 
the  possibility  of  a  level  of  antibody  below  that 
detectable  by  the  Ouchterlony  tost. 

DISCUSSION 

In  this  study  wc  found  that  LF  is  the  only 
component  that  is  highly  immunogenic  against 
spore  challenge  of  both  hosts,  the  rat  and  the 
guinea  pig,  and  toxin  challenge  of  the  rat.  In  tho 
rat,  addition  of  PA  to  LF  increased  the  resistance 
significantly  against  the  spore  challenge  but 
added  nothing  to  the  efficacy  of  the  immuniza¬ 
tion  against  toxin  challenge.  In  contrast,  the 
guinea  pig  was  effectively  protected  against 
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TABLE  V 


Distribution  of  prechallenge  sera  of  47  guinea  pigs 
that  showed  titers  of  one  fourth  or  greater 
following  PA  and  LF  immunization*'  * 


Immunization  Treatment* 

LF- 

PA® 

O  at 

'«>« 

1000  M* 

Ml 

0 

0 

4 

3 

too 

2 

0 

4 

1000 

11 

13 

10 

•  LF  -  lethal  factor;  PA  -  protective  antigen. 

*  EF  (edema  factor)  did  not  have  a  significant 
effect  so  does  not  appear  in  this  table. 


spore  challenge  with  either  the  LF  or  PA  com¬ 
ponent  and  those  components  complemented 
each  other. 

This  work  raises  the  question  of  what  model 
may  lie  used  to  extrapolate  from  experimental 
animals  to  man.  We  find  the  rat  responds  quite 
differently  to  these  immunizing  antigens  than 
does  the  guinea  pig.  It  seems  that  the  conserva¬ 
tive  view  on  the  development  of  an  antigen  for 
human  beings  or  domestic  animals  is  to  use  the 
completo  toxin,  for  there  is  no  experimental  basis 
for  selection  or  use  of  a  single  antigen  for  im¬ 
munizing  man,  domestic,  or  experimental  ani¬ 
mals.  Indeed  all  evidence  is  contrary  to  this 
prnctice  for  the  “protective  antigen”  of  Glad¬ 
stone  (15)  as  well  os  later  workers  who  used 
scrum  in  the  production  or  processing  of  the 
antigen  was  probably  composed  of  all  components 
of  toxin. 

These  data  also  indicate  the  need  f  >r  use  of 
relatively  large  amounts  of  antigen,  for  even  the 
use  of  1000  Mg  of  each  antigen  resulted  in  a 
relatively  small  proportion  of  animals  developing 
a  demonstrable  level  of  antibody  and  was  much 
lower  than  that  obtained  when  a  live  vaccine 
was  used  in  conjunction  with  complete  toxin 
antigen  (14).  Considering  the  very  low  titers  as 
well  as  partial  response  reported  for  man  (10, 
17),  we  would  predict  the  need  to  use  larger 
amounts  of  improved  antigen. 

The  work  of  Stanley  and  Smith  (1)  and  this 
report  differ  in  that  we  reported  a  lack  of  effect 
of  EF  on  resistance  in  our  tests,  whereas  the 
British  workers  report  a  jtositivc  effect.  These 
differences  may  lie  in  the  undetected  contami¬ 
nation  of  one  component  with  another  in  its 


active  or  toxoid  form.  In  any  case  some  dis¬ 
crepancy  between  our  results  and  those  of 
Stanley  and  Smith  (1)  arc  not  unexpected  be¬ 
cause  they  (a)  generated  information  only  on 
the  guinea  pig  in  much  more  limited  experi¬ 
mentation,  and  ( b )  used  only  one  criterion,  i.e., 
challenge  with  1000  lethal  doses  of  spores,  to 
evaluate  immunogenicity  of  the  antigens.  The 
present  authors  definitely  question  the  repeated 
statement  by  Smith  (1,  18)  that  the  optimum 
proportions  of  the  antigens  cannot  be  determined 
because  of  the  large  number  of  animals  required. 
Determination  of  the  optimum  proportions  and 
concentration  of  antigens  is  a  matter  of  desire 
and  planning,  since  quantitative  methods  such 
as  the  immunity  index  (13)  and  modern  statistical 
designs,  combined  with  evaluation  of  multiple 
criteria  of  immunity  ns  used  in  this  work,  allow 
the  efficient  acquisition  of  the  necessary  data. 
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SUMMARY 

Three  components  of  nnthrnx  toxin  (edema 
factor,  protective  antigen  and  lethal  factor)  were 
separated  and  tested  singly  at  three  dose  levels 
and  in  factorial  combination  (27  treatments) 
to  determine  their  efficacy  as  immunogens  in  a 
resistant  host  (rat)  and  in  a  susceptible  host 
(guinea  pig).  Each  treatment  was  evaluated  as 
an  immunogen  by  five  criteria:  (/)  protection 
of  the  host  against  challenge,  (3)  influence  on 
the  num!>cr  of  bacilli/milliliter  of  blood  at  death, 

(3)  change  in  the  units  of  toxin /milliliter  of 
blood  at  death,  (4)  a  development  of  antibody 
titer  (Ouchterlony)  and  (5)  units  of  toxin  neu- 
tralized/milliliter  of  blood. 

These  evaluations  showed  that  (/)  the  LF 
component  was  highly  immunogenic  in  rats 
against  either  toxin  or  spore  challenge  and  in 
guinea  pigs  against  spore  challenge;  (3)  the  PA 
component  was  immunogenic  against  spore 
challenge  in  rats  and  guinea  pigs,  but  completely 
ineffective  against  toxin  challenge  in  rats;  (3) 
the  EF  component  alone  was  nonimmunogenic; 

(4)  the  effects  of  LF  and  PA  were  additive  and 

(5)  EF  added  to  LF,  P  V  or  LF-PA  combinations 
interacted  significantly  with  LF  to  increase  re- 
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siatnneo  in  I lio  rat,  hut  was  not  additive  in  it- 
sistnnec  in  (lie  I'uiiun  pig. 

Tlio  number  of  organisins/millililer  of  terminal 
blond  decreased  ns  resistance  to  establishment  of 
disease  increased.  Tin*  units  of  toxin/inillilitci* 
of  terminal  blood  wore  elosely  related  to  the  num¬ 
ber  of  bncilli/inillilitor  of  blood  at  (loath 

Only  IT1,),  of  the  pieehnllenge  sermn  of  guinea 
pigs,  |>riiici|mlly  anions  the  I.K  treatments, 
piuiinrcd  antigen  antibody  preuipmn  mien  on 
Oiiehtorlotiy  plates.  The  rat  sera  were  all  nega- 
livo  in  this  test. 

The  antigen  used  to  immunize  man  and  ani¬ 
mals  should  contain  all  the  toxin  components 
tor  maximum  ollieieney. 
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